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WATER-SOLUBLE FILTERS FOR [8ACTERIAL COUNTS OF THE AIR

ABSTRACT
!

.... - ) : ‘ by

K-H. Maier and K. Voggel.

Our report describes a new filter material, based on such water;
soluble sustances as gelatine,Afor.detérmining the bactérial content of -
the air. Materials and methoddlogy_were developed outside and largeli |
independant of laboratory facilities in view af,efficient application in
practice éf thé method. The bacteriabincluding yeasts and fuhgi carried
by the air belong with their sﬁall dimensions of a few 1/1000 mm. to the
class of suspended matter not subjec to sedimetétion. Consequently, special
meéhods of collection are needed for their detection. However, under
_ conditions in nature, it can be assumed that these‘bacfe:ia generally do
not exist as sepafate individuals but in agglomeration and association’
with finely—dividéé dﬁst of gll kinds.

| Unusual difficulties areApresented by the'analyéis of guspended
inorganic matter due to air currents; the prevailing turbulence and the
minute d;vision of_the particleé'and these are futthervihcreaéed in
examination for bacterial content. These increased difficulties result
from the necessity of taking inté consideration all prereqﬁisites of

- bacteriological methods of investigation, especially sterile methods of
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obtaining the speciﬁéﬁs in the field and the iater cuiture of the captured
bacteria on-apéropriate bacterioloéical'ﬁutriept media. AAcqmparative.report
on fhe.results of various methods of determining the_bacﬁerial content of
" air was,pﬁblished‘in ref.:-1 and represents the éﬁate of investigative

techniques at thé time.

Table 1 represents the methods of examination generally used previously:

Table‘i
Methods o% Examination . | ‘ Principles
Placing on nutrient-media ' | Sediﬁentation
Forcing an air stream over nutrient media "Conimetfy"
Passage of an ai; stream through a.layer - Impinger
of fluid
Passing an air stream trough a filter by suction Filtration

Any method for detegmination of bacteria consists in principle of
two séparate steps, the collection and concentration of the suspended-
bacéeria from an air spacé over a narrowly limited surface and/or in
a relatively small Qolume of flqid, and of the sﬁbsequent identification
primarily through Fultufe by incubation.

For the methods of filtratién exclusively discussed here, it appears _-
necessary to state some basic féquirements:for‘practical application:

1) the filter material used for bacteria collection must be
suitable for quantitative precipitation of the bacteria from the air. On
the other hand, it must possess high perméability to air inldrder to make
‘possible briefintervalbacteria collection or the throughput of large

volumes of air:



2) the bacteria collgcted on the filter mustvﬁe capable of being
incubated in order to make éossiblg quantitative evalﬁation:

3) the method of Eollectiﬂg the bacteria should not be restricted
to the laboratory and be possible aﬁywhefe. '

Specificaxly in thé field of filters, twq methods have been proposed
in recent years whose particular chara;ter and the results obtained with
them shouldzﬁe discussed here . for comparison with tﬁe water-soluble filters
de&eloped;by us. Thése other méthods are the use of commerclally available
membrane filters on thé basis of water-soluble sodium "alginate".'

lIn regard to membfane filters, their excellent suitabilityAfor-
microbiological investigations of fluids such as water, milk and others
has long since been known. The character of the membréne structure as mi-
cropofous fgam system guarantees high.capability for retention even for
the most minute particles due to very narrow and defin=d pore widths.

Simultaneously, menbrane filters possess excellent permeability for flowing

media dus to an extremely high number of pores per unit area. These excellent

propertiésAhave proved thamselves also in the examinafion of aerosols.

The first examination of bacteria of the éif with this material
were made in 1948 b& ref. 2. The originél hopes for the suitability of
this material for investigation of the air have unfortunately~not been
~confirmed in practice. Detailed investigations in ref. 3 showed that the
incﬁbation of -bacteria collected on membrane filters is highly problemati-
cél. The viability of the bacteria was shown to vary within wide limits and
to ba generally completely inadequate.

- The problematics in the use of fiber filters of sodium alginate are

3-



of an entirely'different kind. As wiil be shown, the capability of reéenticn4.
for bacteria of ﬁme.sodium—elginate fiber filters—-—— permeability fcr air
comparable to membrane filters.;-,is disappointingly lcw.

This 1s probably explained by the relatively coarse fiber structdre
of these filters. Our particular interesc im this filter type was the possibi-

) ) .

lity of dissolving the filter together with its load of bacteria in aqueous
mecia. |

The negative experiences with the filters here described furnished
'inducememtifor the development of a new filter type. The new filter type
was to have ths obvlious advantages of membrane structure, i.e. high efficiency
and performance, but should not deteriorate the viability of the captured
bacteria. We sought the solution of this problem in developing membranes
with high permeability to air on the basis of water-soluble membranes im
no way different im efficiency and performance from membrane filters
(cellulose esters), can be obtained also on‘a basis of hydrophile subetances.
Basically suitable for this are hydrophile polymers, independent of natural
or synthetic crigin. Examples are gelatine, methyl celiulose and poiyyinyl
alcohol. For reasons of convemience in manufacture, we decided on the
type of.the gelatiﬁe filter. |

The preparation.of the gelatine membrane (ref.4) starts with an
aqueous gelatine solution to which are added structure~for rming additives
such as ethyl alcohol This mixture is spread in a film uniformly on-a
plane .support and subJected to partial gelation.

Water is removed from ths gelatine gel in a bath of water-miscible

~organic fluids. The membrane formed is dried carefully.

’
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Fige. l. Structure of gelatine membrane
(200 x), transilluminated micro-

photo.

We éive below the most important characteristics of gelatine
membranes obtained by the above mefhod. Gelatiﬁe meﬁbranes arethin white
discs with a thickness af 250 micrbn; the weight is about 8 mg/cmz. They
possess a pore volume of 80 to 85 % by reason of their loose structure.
~Ip principle they can be obtained in all degrees of fineness appropriate
for the anal?sis of air. However, we shall restrict ourselves to the
éxample of a filter type proved to be particularly sgitéﬁle'for’the collection
of bacﬁeria.

This type has a permeability for air of 2.5 lit per cm2. per min at’
500 mn HZQ, This ?orreéponds to the éermeébility’of membrane filters
widely used in Germany and USA foﬁ aerosol analysa2s. This permeability is
due to the extremely high number of pores per cm2 of filtér surfacé of about

AlO7. The m=an poré diamater is 1 to 3 micron. Since experiencé has shown
that the capabiiity for_rétention'of suspended matter of the air is much
higher than corresponds to the mean pore diameter, complete retention of
all particles of one micron or less can be expected. In practice, this
type of filter’has proved to be impermeable for bacteria. Gelatine membranes

can also be sterilized with ethylene oxide for bactriological application

-



but are furnished already sterilized by the manufacturer.
The most important properties meriting special stress appear to be
" the ideal capability of dissolution in aqueous media and maintainance of

the capability for incubation of the bacferia collectéd on the gelatine

. membranes. Table 2 contains as a demonstration of the preserved viability

of the bacteria an example for the bacterial counts obtained by us after
filtration of room air through gelatine membranes. For comparison, the
results of bacterial counts from membrane filters (cellulose ester) and’

with the impinger are listed:

Table 2

Filter Type ' - o Bacterial Count
Gelatine~membranés | v | | . 480

Impingasr . . ‘ ‘ 500

Membrane filter , : ' - 8
These bacterial counts were obtained by us under the following
conditions.

Gelatin membranes with the permeability specified above and a mean

pore diameter of 2 micron were sterilized with ethylene oxide and clamped

-,

in an also‘sterilized device for filtration. A filter diameter of 50 mm

furnished an effective filter surface of 15 cm?. 100 litiof air were passed

through this membrane at a negative pressure of 250 mm H2

5 min.

For comparison, commercially available membrane filters were utilized

for filtration of air under the same conditions and an air strean of the

O for an interval of
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same volume conducted through a customary impinger aé control. In all cases,
»culfures of the collected migro organisms were made in a known manner.

.This example is typical for the‘differences in the bacterial counts‘
from membranes of hydrophile and hydrbphobe‘charadter. Counts on membrane
%ilterS‘are definitely less, frequently by 6ne ‘to two orders of magnitude,
than on gelatine‘mgmbranés. By contrast, values‘from gelatine filters and
impingers agree well.

The superior preservation of the viability of the bacteria is in
our opinidn due to the'fact that the bacferia deposited on the gelatine
menmbrane or within the filter structures are not exposed to dehydration
to the same extent as on cellulose-ester memsbranes. It must be assumed
that this is linked to the residuai water céntent of the gelatine memebrane
which this materialAretains during preparation and/or a certain subsequent
ébsorption of moisture. It is possible that this water content affords a
ceriain protection‘qgainst dehyaration.

All of ths presently known methods in bacteriology can be utilized
with certain variations for growing the bacteria on gelatine filtefs.

.The simplest method consists in transfering the membrans Qith the
collgcted material to a Petri dish and to'add sufficient nutriént solution

:forgsteéping of the membrane (porous cardboard is recommended as support
for the membrane). Steeping transforms ths membrane intp a semi-solid .
gelatinous culture medium which ¢an be uéed in customary manner in the
incubator for growiné of bacterial coloﬁies. The colonies are easily dis-
tinguished and can be'countéa"éftéf inéubation; _ |

The solubility of the gelatine membrane in aqueous media affords



further possibilities. For this purpose, a bacteria-charged membrane

(50 mm in diameter) is transferred to‘a sterile test tube with a diameﬁer

of 30 mm and the addition of 40 ml of sterile water, physiological sodium-
chloride soluﬁion or eventually a nutrient solution. The closed tube is

then left for 30 min in a thermostat at 30°C. During this times takes

place a complete and unifofm disolution of the membrane éroducing a 5acterial
suspensioni |

‘The 1iquid bacterial concentrate can then be cultured in any desired
ﬁanner like any other bacterial preparation. The complete dissolution of
the gelatine filter possesses some advantages. It is very probablé that the
rapid transfer of the collected bacteria to a liquid'medium is particularly
advantageous for the preservation of their viability.

Such'a suspension can also bz divided into several parts, each of
which permits furthér work by different'methods.of culture with different
specific or non-specific nutrient madia o} different incubation conditions.
We considép as a particularly appropriate method of>cu;ture for the bacteria
in such a suspension a method which is in general use undesr the designation
'"membrapefilter method" for b;cteriological water tests. The bacterial
éuspensiod'is heré filtered through a sterile membréné’filter-of type
CoS(éellulee ester) where the bacteria afe deposited on the filter surfacé.
. After filtrgtion, the CoS-filter is placed on a nutrient medium, e.g. the
usual agar b;éparation or nutrieht—saturated cardboard, and incubated in
the iﬁcubatbr. Wé héve used this method generally in our experiﬁents. In
- ordsr to obtain a critical comparison of results with geiatine and Eéllulose—

.ester membranes as well as sodium-alginate filters respsctively, we carried



out tests under defined conditions in an aerosol chamber.
In order to obtain an aerosol suitable for bacteria, relative

moisture was adjusted to 90 % by atomizing distilled water in an air

chamber at 20°C. Subsequently, 4 ml of a bacterial suspension of Sarcina

N

lutea and Staphy}ococcus albus, both grown>from air, from an elutriation
with physiological sodium-chloride solution in a slanted test tube were
atomiéed ih-the chamber. The bacteria were fespectively 5 days and 24 hours
old. The:bacterial suspension consisted of a mixture of two bactéria at

a ratio of l:1. Immediately adter spréying, the bacteria ware uniformly
distributed by shaking. After sedimentation for 30 min, tbe varioﬁs filter
types were tested Qith the bactérial preparation. The impinger m=2thod

was ggain used as control.

Comparison of Gelatinz and Alginate Filters

We were primarily concerned in comparihg the capability of retention
for bacteria of the air in the filtration proceés of the two filter types.
Both types. have the solubility in aqueous media in common but differ

essentially in the structure, degree of fineness and thickness of the

filter.

Fig. 2. Structure of fiber filter (300 x).
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The alginate filter (ref.5)was prepared by us strictly in acc;rdance
with the data in literature..Fibers of caléium alginate wi£h a lgngth of
5 to 10 mm were_tteafed with'hydroéhloric acid, washed and neutralized with
godium hydroxide. TheAresulting product was again washed and dried with
absolute élcoho}. The soéium;alginate filters thus obtained had a thickness
of 4 mm with a weight of 100 mg/cmzf The microscopic picﬁufe of this fibar
filter inéicated an average fiber thicknasss of lO'ﬁicron. The'interstices
between‘the individual fiﬁers were between 20 and 100 micron.

During inoculation of the bacteria, both the alginate filters and

. the geiatine mambranes were h2ld in clamping devices(effective filter

surfacé 15 sz) and the air from the azrosol chamber-containing tha bacterié
was passed through the filters by suction. Adter passing through the filter,

the filtered air stream was conducted through an iﬁpinger in order to |
control filter efficiency. Within 10 min, 100 1lit of air passed through

each filter type and subsequantly through the impingers. Control of the impinger
fluid for escaped bacteria was made-éfter 30 min with the aid of the membrane-
filter mathod. For this purpose, the liquid was filtefed through a sterile Co5

membrane filter and incubated on an agar-culture medium at 30° C. for 48 hours.

. .
’

Examinatidn- of the impinger fluids disclosed that no bacteria of the

two types could be demonstrated adter passage of the air through the gela-

tine membranes whereas several thousand bacteria of both types were found

in each case with the use of sodium-alginate filters.'Thése data are

derived from two separate tests madé in each case. It was further deter-
mined tha;mthe bacteria retained in the sodium~alginate filters.amoﬁnﬁed
to only the thousandth part of the microorganisms collected on gelatine

membranes.
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Einspannvorrichtung . B _ X ~a= Clamping device with filter. B
‘Aecrosolkammer ’ 8 ’ -

mit Filter .
: <. impinger '~ b= Aerosol chamber.

c= Impingar.
d= Suction line.

Baceterial aerosol.

aerosol
0.
il

0]
.

Keim

Fig. 3. Arrangement for demonstration of imparmeability to bacteria of the fillter.

Comparison of Hydrophile Gelatine and Hydrophobe Membrane Filte;s
Also in the air chambar, a number of comparative tests of gelatine
and membrane filters was made. Theée tests sarved fér confirmation of the
data reported above for the growing of bacteria obtained by filtration of
rooﬁ air under better defined conditions in.the laboratory. In the following
example, the bacterial aerosol wés prepared in the éhamber in the same
manner as describ?d abéve. However, the air specimens Werelusgd here afterA
a prolongad interval of sédimentation so that the bacterial concentration
was appreciabiy lower., Both filter types,.of the sam= perﬁeability and
‘same pore width, were clamped in the deviées described. At a négative
pressure of 200 mm H20, 100 1lit air were arawn fofm thé ;haﬁber and thé
sam2 volume of air conducted éarallel through an impinger as control.

After charging with bacteria, the gelatin filter was dissolved in

sterile physiclogical sodium-chloride solution, filtered through a Co5
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menmbrane filter (which was .also done with the impinger fluid), placed on

an agar-culture medium and incubated ét 30°C. for 48 hours. The hydrophobe-
membrane filter utilizéd for air filtration was place directly on the

culture medium and incubated in the same manner. This produced the following

bacterial counts: , 1

Table 3

Merbrane filters Impingsr Gelatine membrane

First experimant g 8 75 90.
Second experimant 3 85 : 80
Mean value : 6 80 85

Th= bacterial counts obtained form the air-chamber tests correspond
insofar to the findings with room air (cf.Table 2) as they also show the
concordance of the counts between the gelatine‘filter and the impinger.

By contrast, the membrane-filter values are dacisively lower.

- The relation of bacterial counts form the different filtef tgbes
found by us was further confifmed through different personal communications.
The deviation of the bacterial counts is due to the more or léss pronounced
deterioration of the viabiliéy»of bacteria collected on membrane filters.
The degree of deﬁg;ioration is in our opinion dépendent, in addition to
purelyzlimatic factors. also on the individual sensitivity to dehydration
of the types of bacteria.

We already emphasized at the beginning df‘our report that we
attempted a practically useful method with"our-development and briefly
outlined ths requiremants. ofr such a method wﬁich we believe necessafy.~

The possibilities- of application appear to us manifold. Exémples are the
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control of room air in the pharmaceutic, food and beverage industries,

~in hospitals and sanatoria, and in similar installations. However,'the
method should also in'principle include the possibility of bacterial tests

in the field, i.e. any completely or partially’ enclosed spaces.

p | ™ ’ LT a = Bacterié collectedon.
i 1 e T .
A N AR .
. T ELET A b ==Gelat1ne membrane.
. L 5 ‘W;/ ¢ =Membrane filter.
\ v
N 4
~-L d = Impinger.
= T LT
/%Tﬁ BEK AnEEAN e = Incubated on.
/ : B T8 AT AR PR ‘ _
L TIEC Fefnirstsy £ = CoS-filter.
’:/ \ . Ly 1) \& Ir".'YI ” .‘. = Vv .
\ 4 TA{E) g = Direct.
N = N

Abb. 4b D - .. % 5« cCoS-filter.

Keim- Gelatine- Membran- im
Qe nreicherung  Membran Filter impinger ) )

auf: h: - .1 = Bacterial count

Ubertragen f'Membran- 9 direkt * i;b::)rt_f‘ag‘en l; found.
€. u i bebriitet ebriitet au
) ung bebritet Filter Co5 e lter
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1. #%a Gefundene 197 0 - ) 225
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i 4b Gefundene 299 51 301.
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Fig. 4. Comparison of bacterial count after collectlon on galatine
membrane membrane filter and impingar.

»
-

As different as may ba the viewpoints under which the tes?s are
made, sampling of the bacterial content of the air at anyvdesired location
requires in every case working under sterile conditions. Gelatine filters
ate.delivered sterile and in sterile packing and can therefore be easily

carried along to the location of'sampling. Utilization of bacteria-tight



filters.presuppoées, because of their fineness and the consequent resis- 4.
tance, that these filéers are'Clamped in.suitable devices so that the filter
edge is hermetically sealed. Generally of metal, such devices have threaded
convers: and thus make possible the insertion or removal of the filters.l
However, the clamping devices must be re-sterilized before each filter

change. Where individual tests are concerned, séveral such devices

' préviouély.steriliégd in the laboratory can be carried aiong to the 1ocationi
of sampliné. It 1s recommended téhinsert the sterile filter in the labora-

tory at the same time. In routine investigations: where it is intended to

‘make a larg2 number of tests, considerable difficulties result becauss

the device must be re-sterilized pridr to every filter changa. In this
~ case, the expediture necessary for ‘sterilization and maintenance of

sterility would be difficult to support.

,

Fig. 5. Clamping device for air filters’ : -
(photo by Membrane-Filter Company,
G8ttingen). '

In order to obviate these difficulties, we developed a simple and

inexpensive disposable plastic filter capsule (ref. 6). It consist of two
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threaded parts tightly sealing the filter edges which contain the filter

membrane and its support. Air intake'and-discharge apertures are closed by
foil impermeable.to bacteria but permeabie to gas. Consequently the capsgles
can be gassterilized and can be taken aloné in‘aﬁy dasired number.

For use, the proteétivé foils are reﬁoved and the capsule is placed
with the discharée,opening on a tube leading to]thé suction pump.'After
‘taking‘thé:air sample, the bacter;é—cﬁarged filter can be proéessed in the
manner de§cribed above. -

Tﬁe capsules with the gelatine filters utilized can be taken back
to the laboratory in sterile containers or can be dissoivgd ihAthe field
in a plastic container'with sterile physiological sodium~chloride solution.
The latter method also affordé the‘poséibility of proceésing the bacterial
'suspénsion with the already described memebrane~filter method after dissolution
of the gelatine filter. In conjunetion with a portable laboratofy unit
and of nutrient-saturated cardboard (dry}culturé_media), furthef processing
can also be carried out for the most part at the location of sampling. The.

" bacterial gelatine-filtered solution is filtered through a Co5 menbrane fil-
ter and the latter pla;edhoﬁ the moistened nutrient cardboard. This is

best made in Petri dishes of metal. Investigations in ref. 7 and 8 have
confirmed the éuitability of éhe portable laboratory unit for testing of
water, especially in the open éountry. Incubation and growing of the

© colonies will, however, still be made generally iﬁ thé laboratory. Héwever,
rapid contact of the membrane filfer'with the moist nutrient medium is an

appreciable advantage for bacterial growth in any case.



1l .=Gelatine filter.

2= Protective foil.

3= Support.
4: Protective foil.

R
| |

‘Filter housing.

Connection to suction line.

. Fig. 6. Diajgram of air-filter capsule.

The gélatine;filter material and method dasscribed as developad
by us has produced new possibilities of dealing with the particular diffi-
culties of the bacterial testing of air ourside of the laboratory. Wév
believe the advaﬁtages 6f our method to be not pnly in the fact that the
gelatine filter guarantees‘rapid collection and complefe impermeability
to bacteria as well as quantitative evaluation‘of the bactérial counts
since no deterioraéion of the capability for incubation of the bacﬁeria.
takes place buf also in the practiéal usefulness by ;elieving &he investigatior
through the previously effectedsterilization of filter material, devices,

nutrient madia and other aids.
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